The method of testing the therapeutic action of drugs by injecting them into infected laboratory animals, although an indispensable procedure, is not entirely adequate if the object of the inquiry is to obtain information regarding small quantitative differences between related compounds and their mechanism of action. Does a drug, as such, act directly on the parasites or only after it has undergone some change in the body; or does it act by stimulating a host reaction? Considerations of this nature lead to the belief that information of value might be obtained from an examination of the trypanocidal power of various drugs in vitro, thereby eliminating many factors dependent upon the vertebrate host.
crux of the method lay in the use of low concentrations of organisms, not greatly to exceed 1000 per mm.3 and a large porportion of sheep or rabbit serum diluted with Ringer's solution containing 0.2 per cent glucose. They found it necessary to inactivate their sera at 620 to 630 C. for one-half hour and carefully to avoid bacterial contamination. In Yorke' s preliminary experiments, all drugs exerted a much more pronounced action at 370 C. than at laboratory temperature. His experiments were therefore limited to observations made at 370 C. with the view that data collected under such conditions could much more reasonably be compared with those obtained from animal experiments.
The importance of this method was emphasized by work showing that human serum, markedly trypanocidal in vivo, could exhibit this same effect only under the condition of the 370 C. culture. In no medium at room temperature nor in any other medium at 370 C. could this effect be shown.7 It appeared evident that the method approximated in vivo conditions and could be used for quantitative and mechanism studies.
The use of T. equiperdum as a test organism for antiprotozoan agents has many desirable features. Yorke's method of cultivation in vitro is rapid and significantly related to in vivo activity. The organism causes a regular, quantitatively reproducible infection in mice which can be used in correlating in vivo activity with in vitro effect. Other protozoa have the disadvantage of either being difficult to cultivate under conditions in which drugs can be quantitatively estimated, or being impractical to test in vivo because of a poorly reproducible infection, as T. cruzi, or because of the unavailability of suitable laboratory animals, as with E. histolytica.
Materials and method
The basic assay here was modified from Yorke's original method.6' 7.8 The strain of T. equiperdum was obtained from the National Institute of Health, Bethesda, Md. It was maintained in white mice by intraperitoneal inoculation of infected blood at intervals of a few days. The inoculum was obtained from the tail of an infected mouse and was diluted in saline to such degree that 0.5 ml. contained from 1000 to 10,000 organisms. Mice so inoculated invariably died on the 4th or 5th day. At irregular intervals the strain was passed through guineapigs by intraperitoneal inoculation of about 10,000 organisms.
The culture medium was prepared long in advance of the experiment and tested for its ability to maintain growth for the desired interval before it was actually used to evaluate a group of drugs. Cultures for in vitro testing were prepared as late as possible, after all the agents had been diluted and dispensed into tubes. A mouse at the height of infection, 4 days after inoculation with about 10,000 organisms, was killed with chloroform, and blood, obtained from the heart with aseptic precautions, was diluted with an equal volume of sterile citrated (1 per cent) Ringer's glucose solution (as prepared above). After mixing thoroughly, 0.05 ml. were added to each 10 ml. of serum culture medium. (The citrate solution and the medium were carefully warmed to room temperature before use.) The culture so obtained was examined in a hemocytometer. A count of 500 to 1500 trypanosomes per mm-8 was usual. If this range was missed, more of either trypanosome suspension or culture medium was added to give the desired count. Counts of the erythrocytes were also made and were usually found to be from 10 to 20 times the number of trypanosomes. Mixtures in which this ratio could not be achieved were discarded.
Exactly 0.1 ml. of each dilution of the drugs to be tested, made up in distilled water, was distributed into each of two series of sterile Wassermann tubes. Four-tenths ml. of culture were then added and the mixture thoroughly shaken. Thus, a total volume of 0.5 ml. was used. In the case of two agents tested simultaneously, each agent was added in 0.1 ml. amounts and 0.8 ml. of culture completed the mixture.
Identical sets were incubated at 370 C. and at room temperature. After incubation for 18 to 20 hours each tube was shaken and its contents examined microscopically for trypanosomes and for hemolysis. Control tubes containing nothing but culture were examined at the beginning and at the end of the reading period. Results were recorded as follows: more than 100 organisms per low power field =4+
10-100 " =0.
Experimentation and results Since all final data were collected under conditions standardized in the above manner, factors responsible for significant variations were not readily evident. The data used for purposes of comparison were determined in at least two experiments done more than a week apart with different batches of serum-Ringer's-glucose medium. Any discrepancies were rechecked until consistent results were obtained, and the cause of variation determined. In analyzing differences, the responsible factors were gradually uncovered. It was not the intent of this study to work out the metabolic idiosyncrasies of T. equiperdum, but rather to achieve a useful quantitative method for the determination of the extent and nature of the antiprotozoan effect.
The influence of temperature Although Yorke abandoned the use of cultures at temperatures below 370 C., the results obtained here indicate that there is a significant difference in the susceptibility of trypanosomes at 370 C. and at room temperature. It was soon evident that while for any one compound this difference (or lack of difference) was stable and reproducible, its magnitude varied greatly among the different drugs tested. This characteristic may be related to mode of action and, consequently, seemed worth noting. Not only the trypanocidal effect, but also the extent of hemolysis of the mouse erythrocytes varied between these two incubation temperatures.
An indication of the reason for differences at the two temperatures may be seen in table 1, a typical growth-rate record. Counts were done in a hemocytometer under high power; 400 small fields were examined. Each figure represents an average of two counts, the difference being less than 20 per cent. Actively dividing forms could be seen at all stages and, although no such counts were made, it was readily evident that many more divisions took place in the early hours of culture than in the later ones. Without extensive study of growth-rate data, the only observations possible were that reproduction proceeds more slowly at lower temperatures, and that the trypanosome population changes completely, that is, the individuals remaining at the end of the incubation period probably represent products of divisions during culture. That the difference is more deep seated than this is evident from the facts that human serum is trypanocidal only at 370 c.,6 and that several drugs are active only at this temperature.5
The effect of inoculum The tremendous rate of glucose metabolism by pathogenic trypanosomes has been well established.' The rationale of Yorke's method of restricting the number of trypanosomes to less than 1000 per mm.3 is evident in the fact that these organisms rapidly die out in the absence of glucose. It was also established that other factors are less important, since a medium which will no longer support trypanosome growth can be made adequate by adding glucose.3' 6 Because of the limiting factors of osmotic pressure and pH (to be discussed more fully below), only a small amount of glucose could be added to the medium and, consequently, the size of inculum supportable for the test period was definitely circumscribed. Since the culture conditions were quite different from those used by Yorke, it was necessary to re-investigate limiting inoculum conditions. Cultures at 370 C. were more sensitive to inoculum changes than were those at room temperature. Therefore, only the former condition was studied. Conditions favorable to maintenance of viable organisms for 24 hours at 370 C. were always found satisfactory at room temperature. Table 2 shows that inoculum counts of less than 2500 organisms per mm.3 gave very similar figures in 20 hours. Variation in counts at this time in room temperature cultures was much greater. Although all inocula below 2500 grew well at room temperature, it was decided to restrict the number of organisms to a range which gave minimal final variations at room temperature. Thus, a limiting inoculum of from 500 to 1500 organisms was set because within that range the final count at room incubation did not vary more than 50 per cent. In all cases this count represented a slight decline from peak culture density. Inocula less than about 500 organisms per mm.3 produced final counts that were still increasing at room temperature and were at a peak at 370 C. Since this obviously represents a different portion of a growth curve, such inocula were eliminated from comparisons with cultures carried out under "standard" conditions.
Another reason for choosing this range was that microscope readings could be made rapidly. It was important to read results within a short period of time because final totals were changing. Control readings made at the beginning and at the end of each recording period determined the range of this change which, at the level of inoculum chosen, did not vary more than 20 per cent. This magnitude of variation also occurred among different experiments and in different batches of medium and did not seem to influence the inhibitory effect of the agents tested.5
Surface-volume ratio Since it has been demonstrated3 that trypanosomes grow better at higher oxygen levels and are inhibited by CO2 (probably because of their rapid glycolysis), aeration was investigated. The surface-volume ratio was varied by adding different amounts of inoculated culture into identical tubes. Five-tenths ml. increments from 0.5 ml. to 3.5 ml. were added, in triplicate, to tubes of identical outside diameters. After 20 hours there was no more variation at the different volume levels than there was among tubes containing the same volume. Within the requirements of the present technic, the surface-volume ratio had little apparent effect. Further investigation of oxygen tension effects was not undertaken, since it would not apply to the method used for drug testing.
Influence of pH Different batches of culture media were remarkably similar in their final pH, from 8.3 to 8.5. Lowering the pH required a relatively large amount of acid which always adversely affected culture growth. Since the normal pH was so constant and since changes occurring during growth tended toward neutrality, it was decided to leave the pH level unadjusted.
Effect of osmotic pressure
The Ringer's solution recommended by Yorke for trypanosome culture contained 0.9 per cent NaCl. This concentration, which produced an osmotic pressure close to physiological requirements, proved to be disadvantageous to the method used here. After 24 hours of incubation at 370 C., control cultures of that tonicity frequently revealed few viable trypanosomes and a complete hemolysis of mouse erythrocytes. Although it was at first considered that evaporation during incubation increased tonicity to unfavorable levels, it appeared that lower osmotic pressures were actually more favorable. From table 3 it will be seen that the optimum NaCl concentration of Ringer's solution with which the serum was diluted is from 0.10 to 0.13 molar. The salt dilutions were varied by adding increasing amounts of NaCl to glucose salt solution containing all ingredients except NaCl. In actual testing Ordinary cotton-plugged sterile Wassermann tubes were used here, and were found to be as efficient as glass-capped tubes tested in parallel. To avoid possible contamination, subinhibitory amounts of penicillin and streptomycin were added to the culture medium. After numerous experiments it became evident that the sets not containing these antibiotics were equally free of contaminants and showed equal trypanosome counts, hence, in order to obviate possible synergism by these antibiotics, their use was abandoned. No contamination difficulties were ever encountered. Ordinary bacteriologically sterile technic sufficed in most aspects of the procedure. The greatest contamination danger resided in obtaining heart blood of infected mice. The mice so used were slowly anesthetized in a chamber containing a small amount of chloroform. As soon as breathing ceased, the mice were immersed for 2 minutes in a 1 per cent mercuric chloride solution. After that period they were pinned to a cork board and wetted with 70 per cent ethanol or 1 per cent Zephiran. With autoclaved instruments the skin was carefully cut and rolled back. A second set of autoclaved instruments opened the thorax and exposed the heart. With a sterile 2 ml. syringe containing 0.5 ml. of citrate solution, and a 27-gauge, 3/4-inch autoclaved needle, at least 0.5 ml. of blood were removed from the right ventricle. If this procedure was carried out promptly, no difficulty occurred in obtaining up to 1.0 ml. from the fibrillating heart. The mixture was introduced into a sterile, cotton-plugged, Wassermann tube and tested for sterility in brain heart broth.
The agents to be tested were made up in one of three ways: (1) aqueous solution, autoclaved in rubber-capped vaccine bottles; (2) aqueous solution, filtered through No. 5 Chamberland filters and transferred to sterile vaccine bottles; (3) alcoholic solution (95 per cent ethanol), stored in cork-stoppered flasks. Agents readily water soluble and heat stable were made up in the first manner; those readily water soluble and heat labile were made up in the second way; those water insoluble in the third way. The last group was always diluted before use to alcohol concentrations ineffective against trypanosomes. Alcohol controls were run to determine the level at which alcohol alone was effective. In several cases, where possible, agents were made up in more than one of the ways indicated. No differences in titration results were found except when very dilute solutions were Chamberland-filtered. Evidently, significant amounts of some substances were removed in this manner. Filtration was avoided wherever possible because of a resulting loss of precision. For this reason agents that are both water and alcohol soluble, but either very volatile or very heat labile were made up according to the third method. In no case was there evidence of any contamination from any of the stock solutions when sterility tests were made in brain heart broth.
Variations in serum and mouse blood Although Yorke preferred sheep or rabbit serum, he found that properly inactivated human serum would also serve as a trypanosome culture base.7 He showed, however, that in human serum inhibitory substances exist which vary greatly among individuals.
In order to avoid serum variation, each batch of culture medium was made from a pool of over 150 ml. of human serum from more than 50 individuals. Since no control could be exercised over the source of supply, the New Haven Hospital Serology Laboratory, there were unavoidable variations in hemolysis and degree of serum contamination.
Each batch was centrifuged in the cold, diluted, filtered, and inactivated as described above. In spite of carefully standardized technic, some batches of serum proved incapable of supporting trypanosome growth and had to be discarded.
Serologically positive blood from confirmed syphilitics was tested for the presence of additional substances toxic to trypanosomes. Although such uninactivated serum did prove more inhibitory than did uninactivated normal human serum, no effect was found after heating at 62°or 630 C. for 30 minutes. Two other possible reasons for variability were suspected: (1) Bacterial contamination producing some toxic product before filtration; (2) the presence of significant amounts of arsenicals in the sera. Mapharsen was tested and found to be inhibitory to T. equiperdum at dilution 1 x 10-. Small amounts of serum from patients being treated with this drug might cause inhibition.
Although the mouse blood added to the medium constituted only 0.5 per cent of the total volume, the possibility of variations was considered. Two alternatives existed: (1) The trypanosomes used up some necessary growth factor; (2) a toxin was elaborated which varied in different mice. The first possibility was tested by adding up to 2.5 per cent of sterile heart blood of an uninfected mouse to a group of test cultures. No effect on the growth or final count of trypanosomes appeared.
The second possibility was tested by obtaining the blood of mice in the final convulsions which precede death from trypanosome infections. Some of these blood samples had trypanosome counts ranging up to 25 per cent of the mouse erythrocyte count. Such citrated blood was centrifuged in the cold for 30 minutes at about 1000 r.p.m. The red cells formed coherent clumps at the bottom of the centrifuge tube, with a clearly demarcated supernatant white layer of trypanosomes. The plasma was removed to another tube. The layer of trypanosomes was gently broken up, removed, and discarded. The plasma was then returned to the tube and the erythrocytes resuspended. This mixture contained less than 1000 trypanosomes per mm. tion. While his results show that he did get reproducibility, which did correlate in vivo, it must be noted that he worked with arsenicals exclusively. The utilization of such a method in the study of the lactones, for instance, would probably fail to reveal some of the most effective agents.
Other methods and other test protozoan parasites were rejected for reasons previously mentioned, chiefly for lack of a satisfactory in vitro technic or a good test animal.
The assay used here was intended to cover many possible modes of action. The test ran for a period far longer than the normal generation time of the trypanosomes. The comparison made at room temperature was intended to indicate the importance of reproduction in drug action. From the growth figures it is evident that the generation time at lower temperatures is substantially slower. The final readings were made when the 370 C. culture was in its declining phase, usually having fewer organisms than at the beginning of the experiment. At room temperature the final count was invariably higher than the initial count and although the numbers here too had fallen from their maxima they did not represent the rapidly declining growth phase of 370 C. cultures.
The dual culture technic did give effects which were widely different at the two temperatures for some drugs and identical for others.' It may be mentioned here that this difference was frequently independent of surface tension differences at these same two temperatures. Penicillic acid, for instance, which has significantly different surface effects at the two test temperatures, has identical trypanocidal effects. This seems to indicate that such a drug acts directly on the organisms and that the reproductive or metabolic cycles are not of cardinal importance to the mode of action. There are several important uncontrolled variables in the trypanosome methods used in this study. The most important is the lack of a standard serum source. Pooled human serum, including that of hospital patients and luetics, undoubtedly has unpredictable components. The complete failure of some batches to support growth probably indicates a significant concentration of some arsenical. Since this situation occurs occasionally to such an extent that growth is completely inhibited, it might reasonably be considered that subinhibitory concentrations existed in some sera which did permit trypanosome growth. The possibility that such amounts might have a synergistic effect with some of the test compounds is not ruled out. This difficulty might be solved by using serum from one individual. This is obviously difficult and presents another problem. Yorke showed that the inhibitory substances in the blood of different individuals varied significantly. The other possibility is the use of animal serum but a large animal is needed for the large numbers of tests to be done. And this cancels the benefit of working with a system related to human physiology.
The 
